MATERIALS AND METHODS

MD simulation protocol:
We conducted classical all-atom molecular dynamics (MD) simulations of 8 Ras systems (WT, G12V, Q61L, and Q61H K-Ras and H-Ras) using the CHARMM27 force field and version 2.7b of NAMD.
1, 2 The wild type H-Ras system was started from PDB 1QRA, and wild type K-Ras was generated from K-RasQ61H (PDB 3GFT) using VMD. H-RasG12V and H-RasQ61L were constructed by mutation of wild type H-Ras. The K-RasG12V and K-RasQ61L systems were generated by taking an MD derived conformer (taken at time point 300 ns) and mutating Gly12 to valine and Gln61 to leucine. H-RasQ61H was started from PDB 621P. Each production trajectory was started from an equilibrated system with a different initial velocity. Each trajectory was carried out in the isothermal-isobaric ensemble using Langevin dynamics to control the system temperature and a hybrid Nose-Hoover Langevin piston method to maintain a constant pressure of 1.01325 bar. Equilibration was accomplished by first subjecting the system to 2,000 steps of conjugate gradient energy minimization with positional restraints applied to all non-water heavy atoms, followed by heating the system to the target temperature of 310 K. This was followed by an equilibration simulation with a harmonic restraint of 4 kcal/mol/Å 2 applied to all protein backbone atoms. The force constant was linearly decreased to zero over a period of 200 picoseconds. Non-bonded interactions were calculated using a switching distance of 10 Å, a cutoff distance of 12 Å, a pair-list update distance of 14 Å, and an integration time step of 1 femtosecond. Production runs were carried out using a non-bonded switching distance of 8.5 Å, a cutoff distance of 10 Å, a pair-list update distance of 12 Å and an integration time step of 2 femtoseconds. All long-range electrostatic interactions were calculated using the particle mesh Ewald method. 3 Trajectory snapshots were saved every picosecond. Analysis and visualization was performed using VMD and R with the Bio3D library. 
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